Objective: To study the safety of off-label IV thrombolysis in patients with very severe stroke (NIH Stroke Scale [NIHSS] scores .25) compared with severe stroke (NIHSS scores 15-25), where treatment is within European regulations.
Results: Parenchymal hemorrhage occurred in 10.7% vs 11.0% (p 5 0.79), symptomatic intracerebral hemorrhage per SITS-MOST (SITS-Monitoring Study) in 1.4% vs 2.5% (p 5 0.052), death at 3 months in 50.4% vs 26.9% (p , 0.001), and functional independence at 3 months in 14.0% vs 29.0% (p , 0.001) of patients with NIHSS scores .25 and NIHSS scores 15-25, respectively. Multivariate adjustment did not change findings from univariate comparisons. Posterior circulation stroke was more common in patients with NIHSS scores .25 (36.2% vs 7.4%, p , 0.001), who were also more often obtunded or comatose on presentation (58.4% vs 7.1%, p , 0.001). Of patients with NIHSS scores .25, 26.2% were treated .3 hours from symptom onset vs 14.5% with NIHSS scores of 15-25. Conclusions: Our data show no excess risk of cerebral hemorrhage in patients with NIHSS score .25 compared to score 15-25, suggesting that the European contraindication to IV tissue plasminogen activator treatment at NIHSS levels .25 may be unwarranted. Increased mortality and lower rates of functional independence in patients with NIHSS score .25 are explained by higher stroke severity, impaired consciousness on presentation due to posterior circulation ischemia, and longer treatment delays. Neurology ® 2015;85:2098-2106 GLOSSARY aOR 5 adjusted odds ratio; ECASS II 5 European Cooperative Acute Stroke Study II; ICH 5 intracerebral hemorrhage; IST-3 5 Third International Stroke Trial; mRS 5 modified Rankin Scale; NIHSS 5 NIH Stroke Scale; NINDS 5 National Institute of Neurological Diseases and Stroke; PH 5 parenchymal hemorrhage; SICH 5 symptomatic intracerebral hemorrhage; SITS-ISTR 5 Safe Implementation of Thrombolysis in Stroke-International Stroke Thrombolysis Register; SITS-MOST 5 Safe Implementation of Thrombolysis in Stroke-Monitoring Study; tPA 5 tissue plasminogen activator; VISTA 5 Virtual International Stroke Trials Archive.
Evidence has accumulated on treatment with IV thrombolysis for acute ischemic stroke in initially understudied patient groups: those older than 80 years, with a history of stroke and diabetes, and treated with anticoagulants. [1] [2] [3] This is not yet the case for very severe stroke defined as NIH Stroke Scale (NIHSS) scores above 25 points. Here, the European Medicines Agency license for alteplase contraindicates treatment, stating: "patients with very severe stroke are at higher risk for intracerebral hemorrhage (ICH) and death and should not be treated." 4 Formulated in 2003, this was not based on high-grade evidence, as several trials at the time had excluded such patients. 5, 6 Later results from the Virtual International Stroke Trials Archive (VISTA) collaboration and the Third International Stroke Trial (IST-3) trial showed improved outcomes in patients who received thrombolysis with NIHSS scores $25, although lacking statistical significance; neither study reported on ICH or symptomatic ICH (SICH) in these patients. 1, 7 Increasing stroke severity is associated with higher risk of SICH. 8, 9 During the development of the SITS Risk Score, a predictive instrument for thrombolysis-related SICH, 10 we found indications that the risk may plateau at high NIHSS levels. We hypothesized that there may not be a significant increase in ICH risk following thrombolysis in very severe stroke defined as NIHSS scores .25 (off-label in Europe), compared to severe stroke for which treatment is within EU regulations, i.e., NIHSS scores 15 to 25. The current study aims to investigate this hypothesis and compare clinical characteristics, mortality, causes of death, and functional outcomes between these patient groups.
METHODS Patients. All patients recorded in the SITS-International Stroke Thrombolysis Register (SITS-ISTR) between December 2002 and April 2013 treated with IV alteplase (Actilyse, Boehringer-Ingelheim, Germany) were considered (n 5 58,293), and only patients with available baseline NIHSS score were included in this study (n 5 57,247; 98.2%). These were enrolled at 793 centers in 44 countries, 95% in European hospitals.
The SITS-ISTR is an ongoing, prospective, academic-driven, multinational register for centers using thrombolysis for the treatment of acute ischemic stroke. The methodology of the SITS-ISTR, including procedures for data collection and management, patient identification, and verification of source data, has been described previously. 11, 12 Consecutive case reporting is a basic commitment for participating in the SITS-ISTR. We collected baseline and demographic characteristics, stroke severity per the standard 11-item, 42-point NIHSS, time logistics, medication history, and imaging data on admission and follow-up.
We defined very severe stroke as baseline NIHSS scores higher than 25 points and severe stroke as NIHSS scores 15 to 25. In total, 868 patients (1.5%) had very severe stroke, while 19,995 (34.9%) had severe stroke. In October 2010, the SITS-ISTR implemented the option to register information on the arterial territory affected by the stroke. Territory data were available in 23.6% of all cases with NIHSS scores 15-25 and .25 (total n 5 4,922/20,863).
Standard protocol approvals, registrations, and patient consents. Ethics approval and patient consent for participation in the SITS-ISTR were obtained in countries that required this; other countries approved the register for anonymized audit. The SITS International Coordination Office monitored the SITS-ISTR data online and checked individual patient data monthly to identify errors or inconsistencies.
Outcome measurements. The following definitions of cerebral hemorrhage were used: All SICH events were adjudicated centrally by the SITS International Coordination Office based on submitted clinical and imaging reports; images were not available for review.
Rates of mortality were assessed at 7 days and 3 months. Functional outcome per the modified Rankin Scale (mRS) was evaluated at 3 months. For patients deceased within 7 days and 3 months, we compared frequencies of various causes of death, as well as the median time from treatment to death. All assessments of imaging studies and neurologic and functional status were done according to clinical routine at centers participating in the SITS-ISTR.
Statistical analysis. We performed descriptive univariate statistics for baseline clinical, demographic, and imaging data, as well as outcomes, causes of death, and time to death, comparing patients with very severe (NIHSS .25) and severe (NIHSS 15-25) stroke. For continuous and ordinal variables, median and interquartile range values were calculated. For categorical variables, we calculated percentage proportions by dividing the number of events by the total number of patients, excluding missing or unknown cases, as done in previous SITS publications. 1, 9 For calculation of significance of difference between medians and proportions, we used the Mann-Whitney U test and the Pearson x 2 method, respectively. For calculation of the 95% confidence intervals of proportions for PH and SICH, the Wilson score method with continuity correction was used. 13 The association between NIHSS and all hemorrhagic outcome definitions was investigated graphically. We plotted the predicted probabilities of the respective hemorrhagic outcomes against individual values of the NIHSS. The fitted values were obtained from a univariate logistic model in which NIHSS was included by means of a natural cubic spline. Computation was implemented using the splines package in R, and the number of knots was selected based on the Akaike Information Criterion. To investigate the relationships between severe and very severe stroke and PH, SICH, functional outcomes, and mortality, multivariate logistic regression analyses were performed adjusting for factors known from previous publications to be associated with these endpoints. Specifically, analyses regarding all PH and SICH definitions were adjusted for age, blood glucose, systolic blood pressure, onset-totreatment time, body weight, diabetes mellitus, hypertension, use of aspirin, hyperdense cerebral artery sign, and visible infarct signs on baseline CT. 10, 14 Analyses of mortality within 7 days and 3 months and functional outcomes at 3 months were adjusted for all factors listed above with the addition of atrial fibrillation, congestive heart disease, and previous stroke. 3, 8 Analyses were performed using STATISTICA 12 (StatSoft, Tulsa, OK) and R 3.1.1.
RESULTS
Baseline characteristics of the studied groups are shown in table 1. The very severe stroke group had a higher median age, 75 vs 72 years, and higher NIHSS scores, 28 vs 19 points. The proportion of patients presenting in an obtunded or comatose state, receiving 2 or 3 points on the 1A Level of Consciousness subscale of the NIHSS was 58.4% in the NIHSS .25 group compared to 7.1% in the NIHSS 15-25 group. Bilateral motor signs were present in 64.9% in the very severe and 7.8% in the severe stroke group. Stroke in the posterior circulation occurred in 36.2% of patients with NIHSS .25, compared to Figure 1 illustrates the distribution of PH and SICH across the entire stratified range of the NIHSS. Graphical trends of the association between unadjusted baseline NIHSS score treated as a continuous variable and PH and SICH rates are shown in figure 2 .
Multivariate analysis adjusting for differences in known risk factors for PH and SICH between patients with NIHSS scores .25 and NIHSS scores 15-25 confirmed the findings from univariate comparisons (table 2) . Following adjustment, there were no statistically significant differences in risk for any PH or SICH between the 2 severity strata, while the adjusted odds ratio (aOR) for PH2/PHr2 was actually lower in the NIHSS .25 group compared to NIHSS 15-25. In an additional multivariate analysis including only patients with NIHSS above 25, the wellestablished independent association of stroke severity with PH and SICH reported in numerous previous publications was no longer observed.
Because of limited numbers of patients with known stroke territory, we investigated the association of territory and PH/SICH using a simplified multivariate logistic regression model including stratified NIHSS (15-25 and .25), stroke territory, age, baseline blood glucose, systolic blood pressure, and aspirin. This included 152 patients with NIHSS .25 and 3,602 with NIHSS 15-25. Here, posterior circulation stroke was negatively associated with PH/ SICH: with aOR 0.4 (0.1-0.6, p , 0.001) for SICH NINDS, aOR 0.5 (0.3-0.8, p 5 0.008) for SICH ECASS II, aOR 0.6 (0.1-1.0, p 5 0.22) for SICH SITS-MOST, aOR 0.7 (0.5-0.9, p 5 0.064) for any PH/PHr, and aOR 0.64 (0.3-0.9, p 5 0.14) Table 2 Outcomes by stroke severity group, unadjusted and adjusted analysis for PH2/PHr2. In this analysis, NIHSS .25 remained without an independent association with all PH/SICH definitions, similar to results from the full multivariate model (table 2) . Among patients who died within 7 days and 3 months, ICH was reported to be the cause of death less frequently in the NIHSS .25 group compared to the NIHSS 15-25 group (table 3) . There was no significant difference in the combined cause of death "cerebral infarct and hemorrhage without specification" between the groups. Mortality at 7 days (29.5% vs 12.7%) and 3 months (50.4% vs 26.9%) was higher in the NIHSS .25 group, while proportions of patients with excellent (mRS 0-1), functionally independent (mRS 0-2), and favorable (mRS 0-3) outcome at 3 months were lower compared to the NIHSS 15-25 group (table 2) . Figure e-1 on the Neurology ® Web site at Neurology.org shows functional outcomes and mortality across all stroke severity levels. In deceased patients with a reported time of death, survival time was shorter in the very severe stroke group: 3.8 days vs 6.1 days in NIHSS 15-25. Following multivariate adjustment, stroke severity above NIHSS 25 remained independently associated with higher short-and long-term mortality, and worse functional outcomes compared to (table 2) . DISCUSSION We report a large observational study of outcomes following IV tissue plasminogen activator (tPA) treatment for very severe and severe stroke, and present results on treatment safety in patients with NIHSS score .25, in whom IV thrombolysis is currently off-label in Europe. Our main finding is that ICH risk is not increased following IV tPA treatment in patients with very severe stroke (NIHSS scores .25) compared to severe stroke (NIHSS scores [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . At high stroke severity, there is no further increase in ICH or SICH rates beyond NIHSS levels of 20-25, and the well-established relationship between increasing stroke severity and cerebral hemorrhagic complications is no longer seen beyond the NIHSS level of 25 points in multivariate analysis. Although mortality is higher in the NIHSS .25 group, it is not explained by an excess of hemorrhagic complications. The increased mortality in patients with NIHSS .25 is largely explained by the higher stroke severity itself, reflected by many patients with a decreased consciousness level at presentation. Patients with very severe stroke are also older and have more comorbidities such as congestive heart failure, previous stroke, and diabetes (table 1) .
The lack of increase in cerebral hemorrhagic complications in the NIHSS .25 group is reflected by our finding that ICH, alone or together with the infarct, is not more often the cause of death within 7 days and 3 months than in patients with lower severity stroke.
Previous studies have demonstrated that time from stroke symptom onset to IV tPA treatment decreases with increasing stroke severity. 15, 16 Our findings show that this relationship is inverted at the upper extreme of stroke severity. More patients with NIHSS scores .25 were treated beyond 3 hours from symptom onset, compared to NIHSS scores 15-25 (26% vs 14%). This could be explained by more patients with very severe stroke presenting obtunded or comatose, increasing the complexity of initial diagnosis and management. In the NIHSS .25 group, the reduced level of consciousness and the high proportion of bilateral motor signs is in keeping with more posterior circulation strokes in this group compared to the NIHSS 15-25 group.
The differences in affected vascular territory are important for the interpretation of our results on SICH. In adjusted analysis, posterior territory stroke is associated with a lower risk of SICH per NINDS and ECASS, with nonsignificant trends in the same direction for all other hemorrhage definitions. Lower risk of hemorrhagic transformation and SICH in posterior circulation infarcts has previously been reported in patient cohorts who did and did not receive thrombolysis. [17] [18] [19] The frequent occurrence of posterior circulation infarcts in patients with NIHSS score .25 is an important explanation for the lack of increase in ICH and SICH despite the higher stroke severity, which is otherwise strongly associated with the risk of ICH and SICH. [8] [9] [10] Table e-1 shows that hemorrhagic complications are consistently less common in patients with posterior circulation stroke in both severity groups. Poor functional outcomes and high mortality in the NIHSS .25 group also reflect the higher proportion of major posterior circulation stroke, i.e., basilar artery occlusion. Among patients with basilar artery occlusion and very severe neurologic deficits treated with IV tPA in the BASICS (Basilar Artery International Cooperation Study) trial, only 26% achieved mRS score of 0 to 3 and 50% were dead at 1 month of follow-up, similar to 23% with mRS score of 0 to 3 and 50% dead at 3 months in the NIHSS .25 group in our study. 20 
Figure 2
Relationship between baseline NIHSS score and risk of ICH/SICH following stroke thrombolysis At 1.5%, the proportion of patients with NIHSS score .25 in our study is lower than in previous IV thrombolysis publications from the IST-3 trialists and the VISTA trial data repository (2.9% and 4.2% with NIHSS scores $25, respectively). 1, 7 This could reflect a reluctance of physicians in routine practice, especially in Europe, to offer off-label treatment with IV tPA to patients with NIHSS score .25 outside clinical trials.
It is important to address the difficulty in establishing clinical deterioration in patients receiving thrombolysis with baseline NIHSS score .25 who subsequently have an ICH discovered on scheduled follow-up imaging at 22 to 36 hours. This may affect the calculation of SICH rates in this group. To compensate for this, we report 2 purely radiologic ICH definitions: any PH and PH type 2. Figures 1 and 2 show consistency between patterns of radiologic definitions of ICH and clinicoradiologic definitions of SICH across stroke severity strata.
Our study has several limitations. In 18% and 19% of patients, 3-month follow-up data for mortality and functional outcome are lacking. We attempt to mitigate the missing data for death within 3 months by including 7-day mortality rates, where records are 95% complete. Furthermore, the stroke territory variable, i.e., anterior or posterior circulation, was implemented in SITS-ISTR in 2010. To check for potential reporting bias, we performed a sensitivity analysis comparing outcomes in patients with and without territory data. Reassuringly, rates of PH, SICH, death, and functional outcomes were well-matched between the 2 groups (table e-2), indicating that patients with available territory data are representative of the registry. Until 2010, the SITS-ISTR lacked input possibilities for endovascular stroke treatment, and it was not widely practiced in Europe. Endovascular thrombectomy following IV tPA was uncommon in our material, registered in 1.6% of all patients. We believe this fraction is unlikely to have influenced our results.
There are important parallels between regulations surrounding IV thrombolysis for very severe stroke and those previously applied to treatment of patients older than 80 years, until recently contraindicated for similar safety reasons. Outcomes are inevitably poorer among the elderly as in those with very severe stroke. This has been conflated with a presumption of poorer response to treatment. Evidence undermining and eventually disproving that fear regarding the elderly has gradually accumulated. 1, 21, 22 Meantime, thousands of elderly patients were denied effective treatment. Our results indicate that the same situation likely exists for very severe stroke.
Our findings suggest that the European label contraindication to IV thrombolysis treatment in patients with NIHSS score .25 based on safety concerns may be unwarranted. We found no excess risk of cerebral hemorrhage in this group compared to patients receiving thrombolysis for severe stroke with NIHSS score 15-25. Our findings are reinforced by the recent individual patient data metaanalysis by the Stroke Thrombolysis Trialists' Collaboration, showing a clear positive treatment effect of IV tPA in severe stroke, despite the increase in SICH inherent to thrombolytic therapy. 22 Of note, patients with NIHSS score .25 frequently present with a reduced level of consciousness and receive thrombolysis with a longer delay than others, which contributes to poor functional outcomes and high mortality. Recent major studies have shown that endovascular thrombectomy in addition to IV tPA strongly improves the prognosis in severe large artery occlusion stroke. In light of this new evidence, efforts should be made to increase and accelerate the delivery of IV thrombolysis and thrombectomy for the most severely afflicted stroke patients. This study provides Class III evidence that treatment with IV thrombolysis in patients with NIHSS scores .25 holds no excess risk compared to patients with NIHSS scores 15-25. 
